Entactin is a widely distributed basement membrane sulfated glycoprotein of '-150 kDa. The entactin gene is expressed early in mouse embryogenesis. Two cDNA clones complementary to rat entactin mRNA were isolated by antibody screening of an oligo(dT)-primed cDNA library constructed in the Xgtil expression vector. One of the clones, ME, was subcloned into plasmid pBR322 and further characterized. The clone contained sequences complementary to an mRNA species 6 kilobases in length. This mRNA was translated in rabbit reticulocyte lysates to yield a polypeptide of 143 kDa that was precipitated with anti-entactin antiserum. The cDNA insert, 1328 base pairs long, was sequenced and found to contain an open reading frame of 729 base pairs that coded for 243 amino acids at the carboxyl terminus of entactin. Analysis of the peptide revealed no extended a-helical or a8-sheet secondary structures. Radiolabeled probes prepared by nicktranslation of pAlE were used to monitor the steady-state levels of entactin mRNA in F9 embryonal carcinoma cells that were induced to differentiate by exposure to retinoic acid and dibutyryl cyclic AMP. The increase in steady-state levels of entactin mRNA lagged behind the increase in mRNA for the B2 chain of laminin, suggesting that laminin and entactin are independently rather than coordinately regulated.
ME, was subcloned into plasmid pBR322 and further characterized. The clone contained sequences complementary to an mRNA species 6 kilobases in length. This mRNA was translated in rabbit reticulocyte lysates to yield a polypeptide of 143 kDa that was precipitated with anti-entactin antiserum. The cDNA insert, 1328 base pairs long, was sequenced and found to contain an open reading frame of 729 base pairs that coded for 243 amino acids at the carboxyl terminus of entactin. Analysis of the peptide revealed no extended a-helical or a8-sheet secondary structures. Radiolabeled probes prepared by nicktranslation of pAlE were used to monitor the steady-state levels of entactin mRNA in F9 embryonal carcinoma cells that were induced to differentiate by exposure to retinoic acid and dibutyryl cyclic AMP. The increase in steady-state levels of entactin mRNA lagged behind the increase in mRNA for the B2 chain of laminin, suggesting that laminin and entactin are independently rather than coordinately regulated.
The sulfated glycoprotein entactin is widely distributed in basement membranes (1) (2) (3) (4) . It is synthesized in culture by mouse embryonal carcinoma-derived endodermal cells (1, 5) , mouse parietal yolk sac cells (6) , rat yolk sac carcinomas (7) , and rat mammary fibroblasts (8) . A similar, if not identical, protein, nidogen, has been isolated from mouse EHS tumors (9) . The molecule, which has an apparent molecular weight of =150,000, is usually found in tight association with laminin (1, 10) . The dissociation of the two proteins can only be effected with detergents or other potent denaturing agents (10, 11) . Immunological techniques have demonstrated the colocalization of laminin and entactin in Reichert's membrane (a thick extraembryonic basement membrane that surrounds rodent embryos) and in basement membranes of the kidney, gut, vascular tissues, eye, and muscle (3, 12) ; however, there are subtle differences in their quantitative and qualitative distribution. The recently described matrisome gel that supports cell differentiation and growth consists of a complex that includes laminin, entactin, type IV collagen, and heparan sulfate (13) . Furthermore, treatment of F9 embryonal carcinoma cells with retinoic acid and N6,02'-dibutyryl cyclic AMP (Bt2cAMP) resulted in the enhanced synthesis and secretion of laminin, type IV collagen, and entactin (10, 14, 15) . The intimate association of entactin with the basement membrane and its components argues that it plays an important, although as yet undefined, role in the integrity and function of basement membranes.
The biochemical characterization of entactin has been hampered by the unavailability of substantial quantities of purified material and its susceptibility to proteolytic degradation. We have used recombinant DNA techniques to isolate a cDNA clone for rat entactin. The carboxyl terminus of entactin has been deduced from the DNA sequence of the clone. In addition, the steady-state levels of entactin mRNA have been compared with those of laminin mRNA during the induction of F9 cells with retinoic acid and Bt2cAMP.
MATERIALS AND METHODS
Cell Culture. Skeletal muscle cells were dissociated from the forelimbs of 20-day embryonic rats and cultured as described (16) . The mouse parietal endoderm line M1536-B3 and the mouse embryonal carcinoma line F9 were cultured as described (17) .
RNA Purification. Total RNA was isolated from 10-day cultures of rat skeletal muscle cells by a modification of the method of Chirgwin et al. (18) . After three cycles of extraction with 7.5 M guanidine hydrochloride and precipitation with ethanol, the RNA was dissolved in 3.75 M guanidine hydrochloride and extracted with an equal volume of 1:1 phenol/chloroform. Poly(A)+ RNA was selected by passage over oligo(dT)-cellulose as described by Sebbane et al. (19) . RNA was purified from other cell lines as described (20) .
cDNA Synthesis and Library Construction. Ten micrograms of poly(A)+ RNA from embryonic rat skeletal muscle cultures was used to prepare cDNA in a reaction employing cloned Moloney murine leukemia virus reverse transcriptase (Bethesda kesearch Laboratories) according to the supplier's protocol. The second strand was synthesized exactly as described by Gubler and Hoffman (21) , except that the cDNA was treated with nuclease S1 (22) (25) . Lysate proteins were separated in 8% polyacrylamide gels (26) and electroblotted onto nitrocellulose (27) . The blots were blocked in 5% non-fat dry milk in phosphate-buffered saline (PBS: 137 mM NaCl/2.7 mM KCI/8.1 mM Na2HPO4/ 1.5 mM KH2PO4) and incubated for 1 hr in antiserum diluted into PBS. Bound antibodies were visualized using biotinylated horseradish peroxidase (Vectastain ABC Kit, Vectoi Laboratories, Burlingame, CA) and H202 and 4-chloro-1-naphthol (28) .
In Vitro Translation of Hybridization-Selected RNA. Fifteen micrograms of linearized pX1E DNA was denatured and bound to a 0.8-cm square of DPT paper (Schleicher & Schuell), and hybridization-selection was performed as described (20) . The selected RNA was translated in a rabbit reticulocyte lysate system (Bethesda Research Laboratories), and immunoprecipitation ofthe radiolabeled translation products was performed with anti-entactin antiserum (20) . The immunoprecipitates were analyzed by NaDodSO4/ PAGE and fluorography (30) .
RNA Dot Blot Analysis. Hybridization of RNA dot blots to nick-translated cDNA probes (31) was performed as described (20 The steady-state levels of entactin mRNA were monitored during the course of retinoic acid-induced differentiation of F9 cells. 32P-labeled X1E insert was hybridized to dot blots of RNA extracted from cultures of F9 cells at predetermined intervals after the addition ofretinoic acid and Bt2cAMP. The results (Fig. 3A) show a dramatic increase in the steady-state level of entactin mRNA between 72 and 96 hr. The steadystate levels of entactin mRNA observed are consistent with the observed increase in entactin production in induced cells (10) .
The levels of laminin A-, Bi-, and B2-chain RNAs were previously found to increase synchronously during the differentiation of F9 cells (20) . A similar dot blot (Fig. 3B) hybridized to a laminin B2 cDNA probe shows that laminin mRNA levels increase -24 hr before the induction ofentactin mRNA. This suggests that the laminin and entactin genes are not coordinately expressed.
Sequence of pklE. A partial restriction map of pX1E is shown in Fig. 4 . The entire nucleotide sequence was determined by a combination of the Maxam-Gilbert and dideoxynucleotide chain-termination procedures, as also noted in Fig. 4 . The complete sequence of 1328 nucleotides is shown in Fig. 5 (35) and human and mouse al type IV procollagen (36, 37) revealed no extensive homologies.
DISCUSSION
The biochemical characterization of the constituents of basement membranes and their organization and assembly pose a difficult challenge. The advent of recombinant DNA techniques and high-resolution electron microscopy, in combination with immunological and classical biochemical approaches, has rapidly generated new information, especially on the structures of laminin and type IV collagen. The work described here has defined more rigorously the nature of entactin and initiated studies on the regulation of its biosynthesis.
An entactin cDNA clone, X1E, was isolated by immunoscreening a Xgtll cDNA library. The fusion protein synthesized by X1E lysogens contained amino acid sequences recognized by anti-entactin serum. DNA from the X1E insert hybrid-selected RNA that programmed a rabbit reticulocyte lysate to synthesize entactin, confirming that it contained entactin sequences. RNA blot analysis revealed that entactin mRNA from mouse parietal endoderm cells is -6 kb long. 243  750  800  TACAGAGAGA CCCCATGGAA TCCCTACTGA GAGGACCAAA TCTTTCCAGC TGCCAGTGGA GAGATTCCCC  850  CAGAAGCACC CCCAGGTCAT TGATGTGGAT GAAGTAGAGG AAACAGGAGT TGTATTCAGC TACAACACAG  900  950  GTTCCCAGCA GACGTGTGCC AACAATAGAC ACCAGTGCTC TGTGCATGCA GAGTGCAGAG ACTACGCTAC  1000  TGGCTTCTGC TGCAGGTGTG TGTGTGTTTG CGCGTGTGTG TGAGAGTGCG TGCGAGCACA TGTATGCACG  1050  CCATGTGCCC GTGAACCTGG ACAAGCTTCG TCCCAAGGGC TCATTTTATG CTTTCTTTTT TGGTGACGTG  1100  1150   TGTATTATGT CCCCAGCTCC CTGCCTGCCT TTCAGACGGT CTCCCTCTCC TCCTCCTCCC TTACACAGGT   1200  CAGCATCAGC AGAGCTCTGA CTGTGTACCT GTCCCTCCTC TGTCCCTCAG CTGCCTGCGT AGCAGACGGT  1250 observations). This is reminiscent of the distribution of where most of the cysteine residues are located in the more cysteine residues in the B1 and B2 chains of laminin (35, 38) , amino-terminal domains. There is no evidence to suggest that (39) . The induced differentiation of embryonal carcinoma F9 cells by treatment with retinoic acid and Bt2cAMP mimics the early differentiation of mouse embryonic cells to parietal endoderm. The synthesis and secretion of the basement membrane components laminin, type IV collagen, and entactin were markedly increased (10, 14, 15) . The steady-state levels of mRNA for the A, B1, and B2 chains oflaminin and type IV collagen were shown to increase in parallel with the enhanced biosynthesis of the molecules (20, 29) . It was observed in the present studies that the enhanced synthesis of entactin previously reported (10) was accompanied by an increase in the steadystate levels of entactin mRNA. However, the kinetics indicated that the sharp rise in the steady-state level of entactin mRNA occurred between 72 and 96 hr of induction, "-24 hr later than laminin A, B1, and B2 mRNA levels. These data thus suggest that the biosynthesis of laminin and entactin are regulated by separate mechanisms, as indicated by the in vivo studies on mouse embryos previously mentioned (39) .
The isolation of a cDNA clone for entactin has allowed a more specific biochemical definition of this protein. The clone will permit further studies on the entactin gene to proceed at an accelerated pace to yield information on its structure and its programmed regulation during embryogenesis. Furthermore, extension of the primary protein structure deduced for entactin will enable the design of specific antibody probes to explore structure-function relationships.
